The complete nucleotide sequences of genomic segments S1, S3 and S4 from Bombyx mori cypovirus 1 (BmCPV-1) have been determined. The segments consisted of 4190, 3846 and 3262 nucleotides encoding putative proteins of 1333, 1239 and 1058 amino acids with molecular masses of approximately 148, 140 and 120 kDa (p148, p140 and p120, respectively). All segments possess a single open reading frame. Homology searches showed that all three proteins have homologies to proteins of Rice ragged stunt virus, a member of the genus Oryzavirus within the family Reoviridae. Partial homologies of p140 to structural proteins in other viruses were also found. The predicted molecular masses and the homologies with structural proteins in other viruses lead us to suggest that S1, S3 and S4 encode the capsid proteins VP1, VP3, and VP4, respectively, of BmCPV-1.
The complete nucleotide sequences of genomic segments S1, S3 and S4 from Bombyx mori cypovirus 1 (BmCPV-1) have been determined. The segments consisted of 4190, 3846 and 3262 nucleotides encoding putative proteins of 1333, 1239 and 1058 amino acids with molecular masses of approximately 148, 140 and 120 kDa (p148, p140 and p120, respectively). All segments possess a single open reading frame. Homology searches showed that all three proteins have homologies to proteins of Rice ragged stunt virus, a member of the genus Oryzavirus within the family Reoviridae. Partial homologies of p140 to structural proteins in other viruses were also found. The predicted molecular masses and the homologies with structural proteins in other viruses lead us to suggest that S1, S3 and S4 encode the capsid proteins VP1, VP3, and VP4, respectively, of BmCPV-1.
Cytoplasmic polyhedrosis viruses (CPVs) are members of the genus Cypovirus in the family Reoviridae (Holmes et al., 1995) . CPVs possess a double-stranded (ds) RNA genome comprising 10 segments (S1-S10) (Fujii-Kawata et al., 1970) and are classified into 14 distinct electropherotypes on the basis of variations in the migration patterns of the genome segments (Payne & Rivers, 1976 ; Payne & Mertens, 1983 ; Fouillaud & Morel, 1994 ; Belloncik et al., 1996) . Bombyx mori CPVs, members of type species Cypovirus 1, can be divided into nine strains (I, H, P, A, B, B1, B2, C1 and C2) distinguished by the shapes and\or the intracellular localization of the inclusion bodies (Hukuhara & Midorikawa, 1983) . Sequences for the complete genomes of members of other genera within the family Reoviridae have been reported, whereas no systematic analysis of the Cypovirus genome has been carried out. Therefore, we attempted to complete the nucleotide sequences of 10 genomic segments of Bombyx mori cypovirus 1 (BmCPV-1), one member of this type species. The complete nucleotide sequences of S5, S6, S7, S8, S9 and S10 (Hagiwara et al., 1998a (Hagiwara et al., , b, 2001 Hagiwara & Matsumoto, 2000 ; Miyajima et al., 1998) have already been determined. In the present study, we report the complete nucleotide sequences of S1, S3 and S4 of strain I. The sequence for S2, which encodes the RNA-dependent RNA polymerase (RDRP), has also been determined (accession no. AF323782) and will be presented in a separate paper which will compare the RDRPs for four different cypoviruses. Thus, the characterization of one strain of BmCPV-1 has been completed.
Polyhedra of BmCPV-1 strain I were isolated and purified as described previously (Hagiwara et al., 1998b) . DsRNA was isolated using a QIAamp Viral RNA Mini Kit (Qiagen). The purified dsRNA was precipitated and washed once with 75 % ethanol, and the resulting pellet was dried under a vacuum for 3 min and then suspended in RNase-free water. DsRNA was then ligated to a single-stranded anchor (4-14-pp : 5h p-TCCTCTGAGGATTTTAAACT-p 3h) in the presence of T4 RNA ligase (New England Biolabs). The ligation reaction was incubated at 10 mC for 12 h and the product was precipitated at room temperature according to the instructions for PelletPaint (Novagen). First strand cDNA was synthesized by AMV reverse transcriptase from Promega using primer 4-14-1 (5h GAGGGATCCAGTTTAAAATCCTCAGAGGA 3h), which is partially complementary to the anchor 4-14-pp. Another anchor-primer set, 5-15-pp\5-15-1 (5-15-pp : 5h p-GACCTCT-GAGGATTCTAAACT-p 3h and 5h-15-1 : GAGGGATCCA-GTTTAGAATCCTCAGAGGTC 3h) was also used for RT-PCR in order to exclude the possibility of mis-priming during either reverse transcription or PCR reaction. Following cDNA synthesis, PCR was completed using an Advantage 2 PCR Kit (Clontech). The reaction was carried out for 30 cycles with the following settings : denaturing at 95 mC for 30 s, annealing at 56 mC for 30 s, extension at 72 mC for 3 min. The cDNA products were excised from a gel upon separation as individual bands and purified by the GeneClean glass bead method (Bio101). After an ' A' overhang addition, the DNAs were cloned into pBluescript SK(j) (Stratagene) prepared for T-A cloning. Clones containing full-length segments as inserts BEHI Nucleotide sequence of segments S1, S3 and S4 of BmCPV-1 Nucleotide sequence of segments S1, S3 and S4 of BmCPV-1 were identified by Southern hybridization and by restriction digestion of plasmids with BamHI, which cut at the 5h end of primer 4-14-1. Both anchors were found linked to the highly conserved termini of all segments of dsRNA as revealed by some sequences of full-length clones. Nucleotide sequences of the S1, S3 and S4 cDNAs were determined with a Dye Terminator Cycle Sequencing Ready Reaction Kit and a Dye Primer Cycle Sequencing Ready Reaction Kit (Perkin-Elmer Applied BioSystems) with an automatic sequencer (model 377, Perkin-Elmer Applied BioSystems).
The 5h AGUAA and GUUAGCC 3h terminal sequences of these segments were identical to those reported in other segments of BmCPV-1 (Hagiwara et al., 1998a (Hagiwara et al., , b, 2001 Hagiwara & Matsumoto, 2000 ; Miyajima et al., 1998) . The sequence of segment S1 consisted of 4190 nucleotides (nt) and contained a single open reading frame (ORF) located between nt 40 and 4041. It encoded a polypeptide of 1333 amino acids (aa) with a molecular mass of 148 347 Da (148 kDa), which we designated as p148 and which showed partial homologies to the major capsid protein P3 of RRSV, a member of the genus Oryzavirus. Two regions of p148 at aa 189-773 and 970-1276 showed homologies (approximately 38 % similarity) with the P3 of RRSV. Fig. 1(a) is from an alignment result of the aa 189-773 region with RRSV aa 171-756 in a homology search using the BLAST program (Altschul et al., 1997) . Examination of the putative amino acid sequence of p148 revealed the motif of an active chitinase site (
[LIVMFY]-[DN]-G-[LIVMF]-[DN]-[LIVMF]-[DN]-x-E) between aa 138 and 146 ("$)FNGLDVNTE"%').
The sequence of segment S3 consisted of 3846 nucleotides and contained a single ORF located between nt 41 and 3760. It encoded a polypeptide of 1239 amino acids with a molecular mass of 140 025 Da (140 kDa), which we designated p140, and which showed partial homologies to the P1 protein of RRSV (approximately 47 % similarity), a minor structural protein of a parvo-like virus (approximately 43 % similarity), the capsid protein of bacteriophage WO (approximately 49 % similarity), and the capsid protein of Human papillomavirus (approximately 44 % similarity). The BLAST result of the alignment to RRSV is shown in Fig. 1(b) . S4 consisted of 3846 nucleotides and contained a single ORF located between nt 14 and 3190. It encoded a polypeptide of 1058 amino acids with a molecular mass of 119 932 Da (120 kDa), which we designated p120 and which showed overall homology (approximately 39 % similarity) to P2 of RRSV (Fig. 2) .
In SDS-PAGE analysis of purified BmCPV-1 virions, two major proteins of about 146 kDa (V1) and 125 kDa (V3) and a minor protein about 138 kDa (V2) have been observed (Hagiwara & Matsumoto, 2000) . Other works based on in vitro translation studies (Payne & Mertens, 1983 ; McCrae & Mertens, 1983) have assigned the encoding of the V1 and V3 proteins to the RNA S1 and S4, respectively, and the encoding of V2 to the RNA S2 or S3. The respective sizes (148, 140 and 120 kDa) of the putative translation products that we have associated with S1, S3 and S4 of this isolate of BmCPV-1 Nucleotide sequence of segments S1, S3 and S4 of BmCPV-1 Nucleotide sequence of segments S1, S3 and S4 of BmCPV-1 clearly support this assignment. The predicted molecular masses and the homologies with structural proteins in other viruses lead us to suggest that S1, S3 and S4 encode capsid proteins. In BmCPV-1, segment S2 was found to encode RNAdependent RNA polymerase (RDRP) by sequence analysis. As the RDRP is located inside the capsid in members of the family Reoviridae, our results suggest that BmCPV-1 has six structural proteins encoded by S1, S2, S3, S4, S6 and S7, respectively. To avoid confusion and to distinguish between structural and nonstructural proteins, we have renamed the putative proteins encoded by S1 to S9 as VP1, VP2, VP3, VP4, NSP5 (NSP5ajNSP5b), VP6, VP7, NSP8 and NSP9, respectively (Table 1) .
In this study, we report the complete sequence of the three segments S1, S3 and S4 of BmCPV-1 strain I. The complete sequence of S4 of BmCPV-1 strain H was recently described (Ikeda et al., 2001) . Comparisons between the putative translation products of the two S4 sequences show 14 amino acid substitutions with the insertion of Asp at position 386. The predicted secondary structures of the two proteins (Chou & Fasman, 1974 , 1978 showed some differences. The insertion of Asp caused the structure predicted for strain I to have a domain rich in β-pleated sheets, not the α-helices seen in the structure of the protein predicted for strain H (data not shown). In infected cells, strain I produces icosahedral polyhedra whereas strain H produces hexahedral polyhedra. Earlier work (Miyajima et al., 1998) suggested the possibility that the difference in the shape of the polyhedra is not because of any difference in the protein coded for in the polyhedrin gene, but the result of the incorporation of a structural protein(s) into the polyhedra. The p120 protein encoded by S4 shows similarity with capsid proteins occurring in the outer regions of other viruses. The significant difference between the predicted structures of the proteins of strains I and H of BmCPV-1 might be explained by the involvement of the two different predicted structures in the respective polyhedra.
In the motif search, the predicted amino acid sequence of S1 showed an active chitinase site. It has been reported that baculoviruses such as Autographa californica nucleopolyhedrovirus (AcMNPV) and Cydia pomonella granulovirus possess a gene encoding a chitinase (Thomas et al., 1998 ; Kang et al., 1998) . In AcMNPV, the chitinase was localized within the endoplasmic reticulum of virus-infected insect cells, and is associated with liquefaction, a pathogenic effect that enhances dispersal of progeny virions (Thomas et al., 1998 ; Hom & Volkman, 2000) . CPVs infect only midgut cells ; however, as most baculoviruses and cypoviruses infect larvae of Lepidoptera, capsid proteins with chitnase activity may be required for infection of these insects.
All three of the putative proteins reported in this work show homologies to proteins described for the plant-infecting reovirus RRSV, which suggests both a relationship between the genera Cypovirus and Oryzavirus and that they may have diversified more recently than other viruses in the family Reoviridae. However, further molecular analysis is required to fully elucidate the relationships among genera in the family.
